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Description

Technical Field

[0001] Various aspects relate generally to an appara-
tus for coating of glass substrate having a plurality of
through-holes, or a system for coating of glass substrate
having a plurality of through-holes. In particular, the
apparatus and system of the various aspects may be
related to coating the plurality of through-holes of the
glass substrate, using liquid coating, for producing
through-glass-vias (TGV) substrate.

Background

[0002] Stress in through-glass-vias (TGV) substrate
can be generated due to coefficients of thermal expan-
sion (CTE)mismatchbetweenglass and theplatedmetal
(e.g. copper, Cu) vias. This is accentuated by high-tem-
perature process (e.g. greater than 250 °C) since cooling
metal (e.g. Cu) shrinks more than glass and leaves
residual tensile stress in the glass which in turn compro-
mises its strength under bending modes. Existing meth-
ods of mitigating the problem include (i) using glass with
higher CTE, (ii) plugging the vias in the glass with di-
electric material and drilling a hole with laser, or (iii) using
conformal plating of metal (e.g. Cu) and then backfill with
dielectricmaterial.However, theseexistingmethods lead
to compromises in product performance or VIA scaling.
For example, glass with higher CTE is not suitable for
large die complex assembly and will lead to first level
interconnect (FLI) stress, bump cracking, loss or copla-
narity during assembly, etc. As another example, plug-
ging with dielectric material followed by drilling would
sacrifice diameter and bumppitch (BP) of theTGVssince
large holes are needed to account for large laser dia-
meter and laser process tolerance. As yet another ex-
ample, conformal plating followed by backfill similarly
sacrifices diameter and BP of TGVs since large holes
are needed for backfilling and maintaining sufficient vo-
lumeofCu tomanagecurrent density. Thisapproachalso
limits the metal (e.g. Cu) volume leading to electrical
limitations. Hence, the existingmethods are not satisfac-
tory.

Brief Description of the Drawings

[0003] Throughout the drawings, it should be noted
that like reference numbers are used to depict the same
or similar elements, features, and structures. The draw-
ings are not necessarily to scale, emphasis instead gen-
erally being placed upon illustrating aspects of the dis-
closure. In the following description, some aspects of the
disclosure are described with reference to the following
drawings, in which:

FIG. 1A shows a schematic diagramof an apparatus
for coating a glass substrate having a plurality of

through-holes according to various aspects;
FIG. 1B shows a schematic plan view of an example
of a support frame for the apparatus of FIG. 1A
according to various aspects;
FIG. 1C shows a schematic plan view of another
example of a support frame for the apparatus of FIG.
1A according to various aspects;
FIG. 2A shows a schematic diagramof an apparatus
for coating the glass substrate having the plurality of
through-holes according to various aspects;
FIG. 2B shows an illustration of the coating process
using the apparatus of FIG. 2A;
FIG. 3 shows a schematic diagram of an apparatus
for coating the glass substrate having the plurality of
through-holes according to various aspects;
FIG. 4A shows a schematic diagramof an apparatus
for coating the glass substrate having the plurality of
through-holes according to various aspects;
FIG. 4B shows an illustration of the coating process
using the apparatus of FIG. 4A;
FIG. 5A shows a schematic diagramof an apparatus
for coating the glass substrate having the plurality of
through-holes according to various aspects;
FIG. 5B to FIG. 5F illustrate a sequence of coating
the glass substrate having the plurality of through-
holes using an apparatus according to various as-
pects;
FIG. 6A to FIG. 6F illustrate a sequence of coating
the glass substrate having the plurality of through-
holes 104 using an apparatus according to various
aspects; and
FIG. 7A to FIG. 7C show schematic diagrams of
apparatus for coating the glass substrate having
the plurality of through-holes according to various
aspects.

Description

[0004] The following detailed description refers to the
accompanying drawings that show, byway of illustration,
specific details and aspects in which the disclosure may
be practiced. One or more aspects are described in
sufficient detail to enable those skilled in the art to prac-
tice the disclosure. Other aspects may be utilized and
structural, logical, and/or electrical changes may be
madewithout departing from the scope of the disclosure.
The various aspects of the disclosure are not necessarily
mutually exclusive, as some aspects can be combined
with one or more other aspects to form new aspects.
Various aspects are described in connection with meth-
odsand various aspects are described in connectionwith
devices. However, it may be understood that aspects
described in connection with methods may similarly ap-
ply to the devices, and vice versa.
[0005] The term "exemplary" or "example" may be
used herein to mean "serving as an example, instance,
or illustration". Any aspect or design described herein as
"exemplary" is not necessarily to be construed as pre-
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ferred or advantageous over other aspects or designs.
[0006] The terms "at least one" and "one or more" may
be understood to include a numerical quantity greater
than or equal to one (e.g., one, two, three, four, [...], etc.).
The term "a plurality" may be understood to include a
numerical quantity greater than or equal to two (e.g., two,
three, four, five, [...], etc.).
[0007] The phrase "at least one of’ with regard to a
group of elements may be used herein to mean at least
one element from the group consisting of the elements.
For example, the phrase "at least one of’ with regard to a
group of elements may be used herein to mean a selec-
tion of: one of the listed elements, a plurality of one of the
listedelements, aplurality of individual listedelements, or
a plurality of a multiple of listed elements.
[0008] Thewords "plural" and "multiple" in the descrip-
tion and in the claims expressly refer to a quantity greater
than one.Accordingly, any phrases explicitly invoking the
aforementioned words (e.g., "a plurality of (objects)",
"multiple (objects)") referring to a quantity of objects
expressly refers more than one of the said objects.
The terms "group (of)", "set (of)", "collection (of)", "series
(of)", "sequence (of)", "grouping (of)", etc., and the like in
the description and in the claims, if any, refer to a quantity
equal to or greater than one, i.e. one or more.
[0009] The term "system" detailed herein may be un-
derstood as a set of interacting elements, wherein the
elements can be, byway of example and not of limitation,
one or more mechanical components, one or more elec-
trical components, one or more instructions (e.g., en-
coded in storagemedia), and/or one ormore processors,
and the like.
[0010] Thephrase "support frame"maybeusedherein
to mean a physical structural (or mechanical) element or
an elementary (or basic) mechanical part for supporting
an object or article placed or attached thereto including,
but not limited to, a framework structure, a panel, a
carrier, a plate or a board or a sheet or a film or a
membrane etc.
[0011] The phrase "dispenser head" may be used
herein to mean an outlet for dispensing or discharging
a liquid. The dispenser head may include one or more
nozzles from which the liquid may be dispensed.
[0012] Thephrase "coating unit"may beusedherein to
mean a device that utilizes active mechanical mechan-
ism or actuation to facilitate coating.
[0013] Various aspects seek to provide an apparatus
for coating of glass substrate having a plurality of
through-holes. Various aspects also seek to provide a
system for coating of the glass substrate having the
plurality of through-holes. In particular, the apparatus
and system of the various aspects seek to coat the glass
substrate having the plurality of through-holes, using
liquid coating. In other words, the apparatus and system
of the various aspects employ wet processing, using the
liquid coating, to coat the glass substrate having the
plurality of through-holes. Further, the apparatus and
system of the various aspects may fully coat the plurality

of through-holes of the glass substrate. Accordingly, the
apparatus and systemof the various aspectsmayenable
or ensure that the liquid coatingmay be infiltrated into the
plurality of through-holes of the glass substrate for coat-
ing.
[0014] The apparatus and system of the various as-
pects may coat the glass substrate having the plurality of
through-holes prior to the metallization process for pro-
ducing through-glass-vias (TGV) substrate. For exam-
ple, the coatings may be formed along the walls of the
plurality of through-holes of the glass substrate before
metal, such as copper, are coated (e.g. by electroplating)
along the plurality of through-holes of the glass substrate
via metallization. With the coating formed between the
glass and the metal, the issue of the coefficients of
thermal expansion (CTE) mismatch between glass and
metal in the vias of the TGV substrate may be mitigated
because the coating can be a material that is low mod-
ulus, elastic, compressible, etc such as to mitigate stres-
ses.
[0015] In the various aspects, the apparatus and the
system use liquid coating for the coating process.
Further, the liquid coating may include complex poly-
meric blends with options for fillers and dense cross-
linking. As an example, the liquid coating may include
liquid dielectrics coating. Accordingly, high-performance
dielectrics may be selected as the liquid coating and
deposited by the apparatus and system of the various
aspects.
[0016] Further, the apparatus and system of the var-
ious aspects may be configured for panel-level proces-
sing. The use of liquid coating for coating may allow the
apparatus and system of the various aspects to be scal-
able for implementation in panel-level processing.
[0017] FIG. 1A shows a schematic diagram of an ap-
paratus 100 for coating a glass substrate 102 having a
plurality of through-holes 104. The glass substrate 102
with the plurality of through-holes 104 may for producing
the through-glass-vias (TGV) substrate, whereby the
through-holes 104 may processed to form the vias of
the TGV substrate. As shown, the apparatus 100 may
include a support frame 110. The support frame 110may
provide support to the glass substrate 102 for holding up
the glass substrate 102. Accordingly, the glass substrate
102 may be rested or placed on the support frame 110.
Hence, the support frame 110may bear the weight of the
glass substrate 102 and keep the glass substrate 102 in
position. Further, the support frame 110may include one
or more abutment portions 112. The one or more abut-
ment portions 112 of the support frame 110may serve as
the support points of the support frame 110 for contacting
the glass substrate 102 so as to support the glass sub-
strate 102. Each of the one or more abutment portions
112of the support frame110maybe in the formof a point,
an edge, or a surface of a corresponding element or
structure. According to the various aspects, the one or
more abutment portions of the support frame 110 may
support the glass substrate 102 in amanner such that the
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glass substrate 102 may be in a levelled orientation. In
the levelled orientation, the glass substrate 102 may be
horizontal or parallel to the ground. Accordingly, the one
or more abutment portions of the support frame 110
support or cooperatively support the glass substrate
102 in a manner so as to balance the glass substrate
102 in the levelled orientation.
[0018] FIG. 1B shows a schematic plan view of an
example of the support frame 110 for the apparatus
100 of FIG. 1A. FIG. 1C shows a schematic plan view
of another example of the support frame 110 for the
apparatus 100 of FIG. 1A. According to various embodi-
ments, the support frame 110 of the apparatus 100 may
include at least one opening 114. Accordingly, the sup-
port frame 110 may not be a continuous and uninter-
rupted structure. Rather, the support frame110maybeof
a structure including breaks and/or gaps and/or void
and/or unoccupied space.
[0019] As shown in FIG. 1B, according to an example
of the support frame 110, the support frame 110 may
include a plurality of struts 116. The plurality of struts 116
may be joined together to form the support frame 110.
Accordingly, the plurality of struts 116 may form a frame-
work structure 110a serving as the support frame 110.
Further, the plurality of struts 116may serve as the one or
more abutment portions of the support frame 110 for
supporting the glass substrate 102. Accordingly, the
plurality of struts 116 may contact or abut the glass
substrate 102 when the glass substrate is rested or
placed on the support frame 110 such that the plurality
of struts 116 may cooperatively bear the weight of the
glass substrate 102 and balance the glass substrate 102
in the levelled orientation. In addition, one or more empty
spaces may be defined between the plurality of struts
116. Hence, the one ormore empty spacesmay serve as
the at least one opening 114. As an example, the plurality
of struts 116may form a framework structure 110a with a
rectangular border anda cross arrangement in the center
to divide the framework structure 110a into four quarters
wherein an opening 114 is defined in each quarter.
[0020] As shown in FIG. 1C, according to another
example of the support frame 110, the support frame
110may include a panel 110b having a main surface 118
with a plurality of perforations 119. The panel 110b may
be a broad and thin structure and the main surface 118
may be one of the two broad surfaces of the panel 110b.
Each of the plurality of perforations 119 may be a hole
passing through the panel 110b. Themain surface 118 of
the panel 110b may serve as the one or more abutment
portions of the support frame110 for supporting the glass
substrate102 in the levelledorientation.Hence, theglass
substrate 102 may be supported on the panel 1 10b.
Accordingly, the main surface 118 of the panel 110b
may contact or abut the glass substrate 102 when the
glasssubstrate is restedorplacedon thepanel 110bsuch
that themainsurface118maybear theweight of theglass
substrate 102 and balance the glass substrate 102 in the
levelled orientation. Unlike the framework structure 110a

of FIG. 1B, the panel 110b may not have the plurality of
struts 116 to define the at least one opening 114, but each
of the plurality of perforations 119 of the panel 110b may
be treated as the at least one opening 114 of the support
frame110when the support frame110 is in the formof the
panel 110b. As an example, the panel 110b may have a
rectangular shape and the plurality of perforations 119
may be holes puncture through the panel 110b. The
plurality of perforations 119 may be in a uniform pattern
arrangementorbe inanon-uniformpatternarrangement.
[0021] Referring back to FIG. 1A, the apparatus 100
may include a dispenser head 120. The dispenser head
120 may be movable relative to the support frame 110.
Accordingly, when the glass substrate 102 is placed or
rested on the support frame 110, the dispenser head 120
may be movable relative to the glass substrate 102. The
dispenser head 120 may be movable along a plane
parallel to the glass substrate 102 (or the support frame
110). For example, the dispenser head 120 may be
mounted to a gantry robot or a cartesian robot or a linear
robot for moving along the plane parallel to the glass
substrate 102 (or the support frame 110). Further, the
dispenser head 120 may be operable to deposit a liquid
coating on the glass substrate 102 supported on the
support frame 110. Accordingly, the dispenser head
120 may be controlled to dispense the liquid coating
for depositing the liquid coating on the glass substrate
102 when the glass substrate 102 is in place on the
support frame 110. With the glass substrate 102 being
on the support frame 110, a backside of the glass sub-
strate 102 may be in contact with the support frame 110
and the dispenser head 120 may be suspended above a
topside of the glass substrate 102 so as to deposit the
liquid coating on the topside of the glass substrate 102.
The topside of the glass substrate 102 and the backside
of the glass substrate 102 may be opposite sides of the
glass substrate 102.
[0022] According to various aspects, the at least one
opening 114 in the support frame 110 (e.g. the one or
more empty spacesmaybedefined between the plurality
of struts 116of the framework structure 110a inFIG. 1Bor
the plurality of perforations 119 of the panel 110b in FIG.
1C) may be in fluid communication with the plurality of
through-holes 104 of the glass substrate 102 when the
glass substrate 102 is supported on the support frame
110. Fluid communication between the plurality of
through-holes 104 of the glass substrate 102 and the
at least one opening 114 in the support frame 110means
that fluid, e.g. liquid, may flow and transfer from the
plurality of through-holes 104 of the glass substrate
102 to the at least one opening 114 in the support frame
110. Accordingly, the at least one opening 114 of the
support frame 110 may be configured according to the
arrangement of the plurality of the through-holes 104 in
theglass substrate 102 to beplaced on the support frame
110 so as to establish the fluid communication when the
glass substrate 102 is placed thereon. When the glass
substrate 102 is in position on the support frame 110, the
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at least one opening 114 in the support frame 110 and the
plurality of through-holes 104 of the glass substrate 102
may form fluid paths such that the liquid coating depos-
ited by the dispenser head 120 may flow through the
plurality of through-holes 104 of the glass substrate 102
and drained through the at least one opening 114 in the
support frame110 (for example via gravity). Excess liquid
coating may be drained through the at least one opening
114 in the support frame 110 so as to keep the plurality of
through-holes 104 of the glass substrate 102 "open" as
the liquid coating coats the plurality of through-holes 104
of the glass substrate 102. In other words, the liquid
coating may not fill up or close the plurality of through-
holes 104 of the glass substrate 102 during the coating
process. Thedrained liquid coatingmay subsequently be
collected by a collector (e.g. a drip tray) disposed below
the support frame 110. Hence, in this manner, the liquid
coating may permeate through the plurality of through-
holes 104 of the glass substrate 102 and coat the walls of
the plurality of through-holes 104 of the glass substrate
102.
[0023] According to some aspects, the support frame
110 may include one or more alignment element such
that the glass substrate 102 may be placed in a prede-
termined alignment with the support frame 110 so as to
ensure that the at least one opening 114 of the support
frame110and theplurality of the through-holes 104 in the
glass substrate 102 may form the fluid communication
when the glass substrate 102 is supported in the pre-
determined alignment on the support frame 110. As an
example, the one or more alignment element may in-
clude, but not limited to, alignment markers or alignment
structures (e.g. raised edge, protrusions, etc.).
[0024] FIG. 2A shows a schematic diagram of an ap-
paratus 200 for coating the glass substrate 102 having
the plurality of through-holes 104. FIG. 2B shows an
illustration of the coating process using the apparatus
200. The apparatus 200 may be a variant of the appara-
tus 100 of FIG. 1A. According to various aspects, the
apparatus 200 may, similar to the apparatus 100 of FIG.
1A, include the support frame 110 and the dispenser
head 120. In the following, elements of the apparatus
200 which are the same as those described earlier with
reference to theelements of the apparatus 100of FIG. 1A
are assigned the same reference numerals, and repeti-
tion of their corresponding descriptions is omitted for
brevity. The descriptions as follows focus on the various
possible additional features, limitations and/or details of
the apparatus 200.
[0025] According to various aspects, the apparatus
200 may include a coating unit 230. The coating unit
230maybeoperable to apply a force on the liquid coating
soas to urge the liquid coating to permeate the plurality of
through-holes 104 in the glass substrate 102. Accord-
ingly, the coating unit 230 may generate the force and
transmit the force to the liquid coating. The force may be
external to the liquid coating and may cause the liquid
coating to flow in a manner directed or guided or influ-

enced by the force. Further, the coating unit 230 may
channel the force in a pre-determined direction or path
that may cause the liquid coating to infiltrate or seep or
pass through the plurality of through-holes 104 of the
glass substrate 102. Accordingly, the coating unit 230
may urge the liquid coating to permeate or percolate the
plurality of through-holes 104 of the glass substrate 102
for coating the plurality of through-holes 104 of the glass
substrate 102.
[0026] According to various aspects, the coating unit
230 of the apparatus 200 may include an air blower 240.
The air blower 240 may be movable relative to the sup-
port frame 110. Accordingly, when the glass substrate
102 is placed or rested on the support frame 110, the air
blower 240 may be movable relative to the glass sub-
strate 102. For example, the air blower 240 may be
movable along a plane parallel to the glass substrate
102 (or the support frame 110). According to various
aspects, the air blower 240 may be configured to blow
or ventout ambientair, and/or gasesmixturesand/or inert
gases such as Nitrogen or Argon.
[0027] Referring to FIG. 2B, the dispensing head 120
may deposit a liquid coating 206 on the glass substrate
102 and the air blower 240 may be operable to generate
an airflow to spread the liquid coating 206 and push the
liquid coating206 into theplurality of through-holes104 in
the glass substrate 102. The air blower 240 may be an
airflow generating device. As an example, the air blower
240 may include a fan, a centrifugal blower, an axial
blower, a slit blower, or an air knife. Accordingly, the air
blower 240 may set the air in motion to generate the
airflow such that the air may impinge or strike the liquid
coating 206 so as to apply the force on the liquid coating.
With the airflow exerting the force on the liquid coating
206, the airflowmay urge the liquid coating 206 to spread
on the glass substrate 102 (e.g. along a surface of the
glass substrate on which the liquid coating is deposited)
as well as urge and push the liquid coating 206 into the
plurality of through-holes 104 in the glass substrate 102.
Furthermore, the air blower 240 may be suspended
above the support frame 110. Accordingly, when the
glass substrate 102 is on the support frame 110, the
backside of the glass substrate 102 may be in contact
with the support frame 110 and the air blower 240may be
suspended above the topside of the glass substrate 102
so as to direct the airflowdirectly on the liquid coating 206
on the topside of the glass substrate 102 for urging the
liquid coating to spread and permeate into the plurality of
through-holes 104 of the glass substrate 102.
[0028] According to variousaspects, the support frame
110 in theapparatus200may, similar to thesupport frame
110 of the apparatus 100 of FIG. 1A, include the at least
one opening 114. Accordingly, when the liquid coating
206 is urged and pushed into the plurality of through-
holes 104 in the glass substrate 102 by the airflow gen-
eratedby theair blower240, excess liquid coatingmaybe
pushed and drained through the at least one opening 114
of the support frame 110. With the excess liquid coating
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pushed and drained through the at least one opening 114
in the support frame 110 by the airflow from the air blower
240, the plurality of through-holes of the glass substrate
102 may be kept "open" as the liquid coating coats the
plurality of through-holes 104 of the glass substrate 102.
In other words, the liquid coating may not fill up or close
the plurality of through-holes 104 of the glass substrate
102 during the coating process. The drained liquid coat-
ing may then be collected by a collector (e.g. a drip tray)
disposed below the support frame 110. Hence, the liquid
coating may permeate through the plurality of through-
holes 104 of the glass substrate 102 and coat the walls of
the plurality of through-holes 104 of the glass substrate
102. In the various aspects, when the support frame 110
of the apparatus 200 includes the at least one opening
114, the support frame 110 may be in the form of the
framework structure 110a with the plurality of struts 116
asdescribed inFIG.1Bor thepanel 110bwith theplurality
of perforations 119 as described in FIG. 1C.
[0029] According to various aspects, it is understood
that, with the air blower 240, the apparatus 200may also
work when the support frame 110 of the apparatus 200 is
without the at least one opening 114. In other words, the
support frame 110 of the apparatus 200, may be a con-
tinuous and uninterrupted structure. For example, the
support frame 110 of the apparatus 200 may be a non-
perforated panel or plate. Hence, when the glass sub-
strate 102 having the plurality of through-holes 104 is
placed on such support frame 110 of the apparatus 200,
the support frame 110may cover the plurality of through-
holes 104 of the glass substrate 102 on the backside of
the glass substrate 102 in contact with the support frame
110. During operation of the air blower 240, the airflow
from the air blower 240 may urge and push the liquid
coating into the plurality of through-holes 104 in the glass
substrate 102 from the topside of the glass substrate 102
onwhich the liquid coating is deposited and excess liquid
coatingmayalsobepushedout asoverflow to the topside
of the glass substrate 102.With the excess liquid coating
being pushed out as overflow, the liquid coatingmay coat
the plurality of through-holes 104 of the glass substrate
102 without filling up the plurality of through-holes 104 of
the glass substrate 102 during the coating process.
Hence, the liquid coating may permeate through the
plurality of through-holes 104 of the glass substrate
102 and coat the walls of the plurality of through-holes
104 of the glass substrate 102.
[0030] According to various aspects, regardless
whether the support frame 110 of the apparatus 200
includes the at least one opening 114, the air blower
240 may be operated to disperse the liquid coating 206
through the plurality of through-holes 104 of the glass
substrate 102. In the various aspects, the fluid properties
of the liquid coating 206 may dictate a thickness of a
coating formedwithin theplurality of through-holes104of
the glass substrate 102. The fluid propertiesmay include,
but not limited to, material adhesion, viscosity, surface
tension, or density. Further, the force and/or pressure

applied by the air blower 240 may also affect the thick-
ness of the coating. Accordingly, depending on a desired
thickness of the coating, the liquid coating 206 with pre-
determined fluid properties may be selected according
for coating the glass substrate 102 with the plurality of
through-holes 104.
[0031] As shown, in the apparatus 200, the air blower
240 and the dispenser head 120 may be separate and
independent from each other. Accordingly, the air blower
240 and the dispenser head 120 may be independently
movable relative to the support frame 110. As an exam-
ple, the dispenser head 120 may be mounted to a first
gantry robot (or cartesian robot or linear robot) and the air
blower 240may bemounted to a second gantry robot (or
cartesian robot or linear robot). In such an example, the
dispenser head 120 may be moved by the first gantry
robot and the air blower 240maybe separatelymoved by
the second gantry robot. As another example, the dis-
penser head 120and the air blower 240maybe disposed
to different workstations of the apparatus 200. The dis-
penser head 120may be at an upstreamworkstation and
the air blower 240 may be at a downstream workstation.
Accordingly, the glass substrate 102 may pass through
the upstream workstation for the liquid coating 206 to be
deposited thereon by the dispenser head 120 before
transporting to the downstream workstation for the air
blower 240 to act on the liquid coating 206.
[0032] FIG. 3 shows a schematic diagram of an appa-
ratus 300 for coating the glass substrate 102 having the
plurality of through-holes104. Theapparatus300maybe
a variant of the apparatus 200 of FIG. 2A and FIG. 2B.
According to various aspects, the apparatus 300 may,
similar to the apparatus 200 of FIG. 2A and FIG. 2B,
include the support frame 110, the dispenser head 120
and the coating unit 230 in the form of the air blower 240.
In the following, elements of the apparatus 300which are
the same as those described earlier with reference to the
elements of the apparatus 200of FIG. 2AandFIG. 2Bare
assigned the same reference numerals, and repetition of
their corresponding descriptions is omitted for brevity.
The descriptions as follows focus on the various possible
additional features, limitations and/or details of the ap-
paratus 300.
[0033] According to various aspects, the apparatus
300 of FIG. 3 differs from the apparatus 200 of FIG. 2A
and FIG. 2B in that the dispenser head 120 and the air
blower 240 may be adjacent to each other and movable
together as a single unit. According to various aspects,
the dispenser head 120 and the air blower 240 may be
coupled together. For example, the dispenser head 120
and the air blower 240 may be separate parts integrally
joined together as the single unit mounted to a gantry
robot or the dispenser head 120 and the air blower 240
may be integrally formed as the single unit mounted to a
gantry robot. Further, the dispenser head 120 may be
disposed forward of the air blower 240alongamovement
direction. In other words, the dispenser head 120may be
in front of theair blower 240with respect to themovement
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direction. Accordingly, the dispenser head 120 may dis-
pense and deposit the liquid coating ahead of the air
blower 240, and the air blower 240 may subsequently
spread and push the liquid coating as it passes over the
liquidcoatingpreviouslydepositedby thedispenserhead
120. Hence, when the dispenser head 120 and the air
blower 240 are coupled together, the air blower 240 may
spread and push the liquid coating as the dispenser head
120 is dispensing and depositing the liquid coating.
[0034] FIG. 4A shows a schematic diagram of an ap-
paratus 400 for coating the glass substrate 102 having
the plurality of through-holes 104. FIG. 4B shows an
illustration of the coating process using the apparatus
400. The apparatus 400 may be a variant of the appara-
tus 200 of FIG. 2A and FIG. 2B. According to various
aspects, the apparatus 400may, similar to the apparatus
200 of FIG. 2A and FIG. 2B, include the support frame
110, the dispenser head 120 and the coating unit 230. In
the following, elements of the apparatus 400 which are
the same as those described earlier with reference to the
elements of the apparatus 200of FIG. 2AandFIG. 2Bare
assigned the same reference numerals, and repetition of
their corresponding descriptions is omitted for brevity.
The descriptions as follows focus on the various possible
additional features, limitations and/or details of the ap-
paratus 400.
[0035] According to various aspects, the apparatus
400 of FIG. 4A and FIG. 4B differs from the apparatus
200 of FIG. 2A and FIG. 2B in that the coating unit 230 of
the apparatus 400 may include a suction head 440. The
suction head440maybedisposed at an underneath side
of the support frame110opposite a topsideof the support
frame 110 that supports the glass substrate 102. Accord-
ingly, the dispenser head 120 and the suction head 440
maybeonopposite sidesof the support frame110.When
the glass substrate 102 is placed on the support frame
110, the dispenser head 120 may be above the glass
substrate102and the suctionhead440maybebelow the
glass substrate 102 (as well as the support frame 110).
[0036] According to various aspects, the suction head
440 may be movable relative to the support frame 110.
Accordingly, when the glass substrate 102 is placed or
rested on the support frame 110, the suction head 440
may be movable relative to the glass substrate 102. For
example, the suction head 440 may be movable along a
plane parallel to the glass substrate 102 (or the support
frame 110).
[0037] Referring to FIG. 4B, the dispensing head 120
may deposit a liquid coating 406 on the glass substrate
102 and the suction head 440 may be operable to gen-
erate suction (e.g. vacuum) through the at least one
opening 114 in the support frame 110 so as to draw the
liquid coating 406 to permeate the plurality of through-
holes 104 of the glass substrate 102. The suction head
440 may be an inlet part of a suction generation device.
For example, the suction generation devicemay include,
but not limited to, a pump, a suction pump, a vacuum
pump, or a vacuum generator. Accordingly, the suction

head 440may draw air into the suction head 440 so as to
remove air from the at least one opening 114 in the
support frame 110 as well as the plurality of through-
holes 104 of the glass substrate 102 for creating an air
pressure differential so as to generate suction there-
through. With the liquid coating 406 deposited on the
glass substrate 102 by the dispenser head 120, the
suction head 440 may apply a suction force on the liquid
coating 406 through the plurality of through-holes 104 of
theglass substrate102 via theat least oneopening114 in
the support frame 110.With the suction force exerting on
the liquid coating 206, the suction may draw (or pull) the
liquid coating206 into theplurality of through-holes104 in
the glass substrate 102. Furthermore, the suction head
440 may be directly underneath the support frame 110.
According to some aspects, the suction head 440 may
also form a seal around the at least one opening in the
support frame 110. As an example, the suction head 440
may form the seal along edges of the support frame 110.
As another example, the suction head 440 may form the
seal along a perimeter of the at least one opening in the
support frame 110. When the glass substrate 102 is on
the support frame 110, the backside of the glass sub-
strate 102 may be in contact with the support frame 110
and the suction head 440 may directly apply the suction
force through the at least one opening 114 in the support
frame 110 and the plurality of through-holes 104 of the
glass substrate 102 for urging the liquid coating 406 to
permeate into the plurality of through-holes 104 of the
glass substrate 102.
[0038] According to variousaspects, the support frame
110 in theapparatus400may, similar to thesupport frame
110 of the apparatus 100 of FIG. 1A, include the at least
one opening 114. Since the suction head 440 is disposed
underneath the support frame 110, the at least one open-
ing 114 may be needed in the support frame 110 of the
apparatus 400 in order for the suction from the suction
head 440 to draw (or pull) the liquid coating 406 into the
plurality of through-holes 104 of the glass substrate 102.
In the various aspects, when the liquid coating 406 is
urged and drawn into the plurality of through-holes 104 in
the glass substrate 102 by the suction (or a flux of air
pressure) generated by the suction head 440, excess
liquid coating may be drawn and drained through the at
least one opening 114 of the support frame 110. With the
excess liquid coating drawn and drained through the at
least one opening 114 in the support frame 110 by the
suction from the suction head 440, the plurality of
through-holes of the glass substrate 102 may be kept
"open" as the liquid coating coats the plurality of through-
holes 104 of the glass substrate 102. In other words, the
liquid coating 406 may not fill up or close the plurality of
through-holes 104 of the glass substrate 102 during the
coating process as the excess liquid coating may be
cleared. The drained liquid coatingmay then be collected
byacollector in thesuctiongeneratingdevice.Hence, the
liquid coating may permeate through the plurality of
through-holes 104 of the glass substrate 102 and coat
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the walls of the plurality of through-holes 104 of the glass
substrate 102. In the various aspects, the support frame
110 of the apparatus 400 may be in the form of the
framework structure 110a with the plurality of struts
116 as described in FIG. 1B or the panel 110b with the
plurality of perforations 119 as described in FIG. 1C.
[0039] According to various aspects, the dispenser
head 120 and the suction head 440 may be separate
and independent from each other. Accordingly, the dis-
penser head 120 and the suction head 440 may be
independently movable relative to the support frame
110. As an example, the dispenser head 120 may be
mounted toa first gantry robot (or cartesian robot or linear
robot) and the suction head 440 may be mounted to a
second gantry robot (or cartesian robot or linear robot). In
such an example, the dispenser head 120maybemoved
by the first gantry robot and the suction head 440may be
separatelymovedby the secondgantry robot. Asanother
example, the dispenser head 120 and the suction head
440 may be disposed to different workstations of the
apparatus 400. The dispenser head 120 may be at an
upstream workstation and the suction head 440 may be
at a downstream workstation. Accordingly, the glass
substrate 102 may pass through the upstream worksta-
tion for the liquid coating 406 to be deposited thereon by
the dispenser head 120 before transporting to the down-
streamworkstation for the suction head 440 to act on the
liquid coating 406. According to various aspects, the
dispenser head 120 and the suction head 440 may be
movable together in a synchronous manner. For exam-
ple, the dispenser head 120 and the suction head 440
may be mounted to a gantry robot such that moving the
gantry robot may move the dispenser head 120 and the
suction head 440 together in the synchronous manner.
[0040] FIG. 5A shows a schematic diagram of an ap-
paratus 500 for coating the glass substrate 102 having
the plurality of through-holes 104. The apparatus 500
may be a variant of the apparatus 100 of FIG. 1A. Ac-
cording to various aspects, the apparatus 500 may, si-
milar to the apparatus 100 of FIG. 1A, include the support
frame 110 and the dispenser head 120. In the following,
elements of the apparatus 500 which are the same as
those described earlier with reference to the elements of
the apparatus 100 of FIG. 1A are assigned the same
referencenumerals, and repetitionof their corresponding
descriptions is omitted for brevity. The descriptions as
follows focus on the various possible additional features,
limitations and/or details of the apparatus 500.
[0041] According to various aspects, the apparatus
500 of FIG. 5A may include a plurality of process mod-
ules, whereby the glass substrate 102 may be moved or
transported or conveyed between the plurality of process
modules. Referring to FIG. 5A as an example, the plur-
ality of process modules of the apparatus 500 may in-
clude a support mounting module 501, a coating module
503 and/or a support removal module 505. Accordingly,
the glass substrate 102 may be moved to the support
mounting module 501 for attaching a carrier 511 (see

FIG. 5B) to the glass substrate 102. Subsequently, the
glass substrate 102 together with the carrier 511 may be
moved to the coating module 503 whereby the glass
substrate 102 may be coated using the liquid coating
(see FIG. 5C and FIG. 5D). The coated glass substrate
102 together with the carrier 511 may then be moved to
the support removalmodule 505 for detaching the carrier
511 from the glass substrate 102 (see FIG. 5E). In an
example, the apparatus 500 may include a conveying
arrangement including, but not limited to, a robotic arm, a
conveyor, amovable stage, a gantry robot, a linear robot,
or any suitable conveying mechanism, for moving the
glass substrate 102 between the plurality of process
modules.
[0042] FIG. 5B to FIG. 5F illustrate a sequence of
coating the glass substrate 102 having the plurality of
through-holes 104 using the plurality of processmodules
of the apparatus 500 of FIG. 5A.
[0043] According to various aspects, the apparatus
500 of FIG. 5A further differs from the apparatus 100 of
FIG.1A in that thesupport frame110maybe in the formof
the carrier 511 (seeFIG. 5B toFIG. 5E). The carrier 511of
the apparatus 500 may be a continuous and uninter-
rupted structure. For example, the carrier 511 of the
apparatus 500 may be a flat panel or plate or board or
sheet or film or membrane. In an example implementa-
tion, the carrier 511 may include an electrostatic dis-
charge carrier or a backing film. According to various
aspects, the carrier 511 of the apparatus 500 may be
attached to the glass substrate 102. Accordingly, instead
of the glass substrate 102 being merely placed or sup-
ported on the support frame 110 of the apparatus 100,
200, 300, 400, the carrier 511 of the apparatus 500 may
be adhered to the glass substrate 102 such that the
carrier 511 and the glass substrate 102 may be moved
or transported together. In the various aspects, when the
carrier 511 is attached to the glass substrate 102, the
carrier 511maycover theplurality of through-holes104of
the glass substrate 102 on a backside of the glass sub-
strate 102 to which the carrier 511 is attached. Accord-
ingly, with the carrier 511 attached to the glass substrate
102, eachof theplurality of through-holes104of theglass
substrate 102 together with the carrier 511 may define a
well or a receptacle.
[0044] According to various aspects, the apparatus
500 may include a carrier mounting unit 552 (see FIG.
5B) operable to attach the carrier 511 to the glass sub-
strate 102. Further, the apparatus 500 may include a
carrier removal unit 554 (seeFIG. 5E) operable to detach
the carrier 511 from the glass substrate 102. According to
some aspects, for example as shown in FIG. 5A, the
carriermounting unit 552may be in the supportmounting
module501of theapparatus 500, and the carrier removal
unit 554 may be in the support removal module 503.
According to some aspects, the carrier mounting unit
552 and the carrier removal unit 554 may be integrated
inasingle supportmountingand removalmodule,where-
by the carrier 511may be attached to the glass substrate
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102and detached from the glass substrate 102within the
single support mounting and removal module. In such a
configuration, the glass substrate 102 together with the
carrier 511 may be returned to the single support mount-
ing and removal module after the glass substrate 102 is
coated. According to some aspects, the carrier mounting
unit 552and the carrier removal unit 554maybeseparate
and independent from each other. Accordingly, the car-
rier mounting unit 552 may be operated independently
from the carrier removal unit 554, and vice versa.
[0045] In an example, when the carrier 511 is an elec-
trostatic discharge carrier, the carrier mounting unit 552
may be a chucking unit. Further, the carrier removal unit
554 may be a de-chucking unit. In another example,
when the carrier 511 is a film (e.g. a polyethylene ter-
ephthalate (PET) coated film with release adhesive), the
carrier mounting unit 552 may be a lamination unit or a
hot-roll unit. Further, the carrier removal unit 554 may be
a film peeler unit.
[0046] In the example as shown in FIG. 5B, in the
support mounting module 501, the carrier mounting unit
552maybe operated to attach the carrier 511 to the glass
substrate 104. The carrier 511 may then serve as the
support frame 110 supporting the glass substrate 104.
Further, as shown in FIG. 5C and FIG. 5D, in the coating
module503, thedispensinghead120maybeoperated to
deposit a liquid coating 506on the glass substrate 104on
the carrier 511. Subsequently, as shown in FIG. 5E, in the
support removalmodule505, the carrier removal unit 554
may be operated to detach the carrier 511 from the glass
substrate 104.
[0047] According to various aspects, the liquid coating
506 used in the apparatus 500may be of pre-determined
fluid properties so as to be capable of permeating the
plurality of through-holes 104 of the glass substrate 102
on the carrier 511 upon being deposited on the glass
substrate 104. The fluid properties may include, but not
limited to, material adhesion, viscosity, surface tension,
or density. As an example, the liquid coating 506 may
have low viscosity and/or surface tension such that the
liquid coating 506 may flow easily and infiltrate the plur-
ality of through-holes 104 of the glass substrate 102 on
the carrier 511 without additionally applying an external
force to assist the infiltration of the liquid coating 506.
According to some aspects, pre-determined dimensions
of the plurality of through-holes 104of the glass substrate
102 may also allow the liquid coating 506 to infiltrate the
plurality of through-holes 104 of the glass substrate 102
on the carrier 511 without additionally applying an ex-
ternal force to assist the infiltration of the liquid coating
506.Asanexample, eachof theplurality of through-holes
104 of the glass substrate 102 may be of a sufficiently
large dimension such that the liquid coating 506may flow
into and infiltrate the plurality of through-holes 104 of the
glass substrate 102 on the carrier 511 on its own.
[0048] According to some aspects, as shown in FIG.
5F, after the carrier removal unit 554 removes the carrier
511 from the glass substrate 102, the glass substrate 102

may be moved to a drainage module. In the drainage
module, the glass substrate 102 may be placed on the
support frame 110with the at least one opening 114 such
that excess liquid coating 506 may be drained from the
glass substrate 102. Hence, the apparatus 500 may
additionally include thedrainagemodule.Asanexample,
the apparatus 500 may include the support frame 110 in
the formof the framework structure 110awith the plurality
of struts 116 as described in FIG. 1B or the panel 110b
with the plurality of perforations 119 as described in FIG.
1C for draining excess liquid coating 506. In addition, the
apparatus 500 may additionally include the air blower
240 as described with reference to apparatus 200 and/or
the suction head 440 as described with reference to
apparatus 400 to facilitate the draining of the excess
liquid coating. Therefore, in someaspects, the apparatus
500 may include the air blower 240 and/or the suction
head 440.
[0049] FIG. 6A to FIG. 6F illustrate a sequence of
coating the glass substrate 102 having the plurality of
through-holes 104 using an apparatus 600. The appa-
ratus 600 may be a variant of the apparatus 200 of FIG.
2A and FIG. 2B. According to various aspects, the appa-
ratus 600 may, similar to the apparatus 200 of FIG. 2A
and FIG. 2B, include the support frame 110, the dispen-
ser head 120 and the coating unit 230. In the following,
elements of the apparatus 600 which are the same as
those described earlier with reference to the elements of
the apparatus 200 of FIG. 2A and FIG. 2B are assigned
the same reference numerals, and repetition of their
corresponding descriptions is omitted for brevity. The
descriptions as follows focus on the various possible
additional features, limitations and/or details of the ap-
paratus 600.
[0050] According to various aspects, the apparatus
600 of FIG. 6A to FIG. 6F differs from the apparatus
200 of FIG. 2A and FIG. 2B in that the support frame
110may be in the form of a carrier 611. The carrier 611 of
the apparatus 600 may be similar to the carrier 500 of
apparatus 500 of FIG. 5A. Accordingly, repetition of the
corresponding descriptions is omitted for brevity. Accord-
ing to various aspects, the apparatus 600 of FIG. 6A to
FIG. 6F differs from the apparatus 200 of FIG. 2A and
FIG. 2B in that the apparatus 600 may include a carrier
mountingunit 652operable to attach thecarrier 611 to the
glass substrate 102 and/or a carrier removal unit 654
operable to detach the carrier 611 from the glass sub-
strate 102. The carrier mounting unit 652 and the carrier
removal unit 654 of the apparatus 600 may be similar to
the carrier mounting unit 552 and the carrier removal unit
554 of the apparatus 500 of FIG. 5A. Accordingly, repeti-
tion of the corresponding descriptions is also omitted for
brevity. As shown in FIG. 6A, the carrier mounting unit
652maybe operated to attach the carrier 611 to the glass
substrate 104. The carrier 611 may then serve as the
support frame 110 supporting the glass substrate 104.
[0051] According to various aspects, the apparatus
600 of FIG. 6A to FIG. 6F further differs from the appa-
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ratus 200 of FIG. 2A and FIG. 2B in that the coating unit
230of theapparatus600may includeaspinunit 640.The
spin unit 640 may include a spinnable stage 642. The
spinnable stage 642 may provide a flat planar surface
643 and may be operable to spin about a spinning axis
passing through a center of the flat planar surface 643 of
the spinnable stage 642. Further, the spinnable stage
642 may include a vacuum port 644. The vacuum port
644 may be operable to hold down the carrier 611, which
is attached to the glass substrate 102, to the spinnable
stage 642 via suction so as to retain the glass substrate
102 on the spinnable stage 642. The flat planar surface
643 of the spinnable stage 642 may serve to contact and
abut the carrier 611 attached to the glass substrate 102,
and thevacuumport 644mayopen through theflat planar
surface 643 of the spinnable stage 642 for holding down
the carrier 611 to the spinnable stage 642. As the carrier
611 is in the form of the continuous and uninterrupted
structure, the suction provided by the vacuum port 644
mayholddown thecarrier 611 to the spinnable stage642.
According to some aspects, the vacuum port 644may be
located at the center of the flat planar surface 643 of the
spinnable stage 642. According to some aspects, the
spin unit 640may include one or more vacuum ports 644
in the spinnable stage 642. As shown in FIG. 6B, the
carrier 611 together with the glass substrate 104 may be
placed on the spinnable stage 642 of the spin unit 640.
The vacuum port 644 of the spin unit 640 may be oper-
ated to hold down the carrier 611 to the spinnable stage
642.
[0052] Referring to FIG. 6C, the dispensing head 120
may be operated to deposit a liquid coating 606 on the
glass substrate 104 on the carrier 611 held on the spin-
nable stage 642 of the spin unit 640. With the liquid
coating 606 deposited on the glass substrate 104, the
spin unit 640maybeoperated to spin the spinnable stage
642 so as to spin the carrier 611 together with the glass
substrate 102.
[0053] The spinning of the glass substrate 102 may
cause the liquid coating 606 to permeate the plurality of
through-holes 104 in the glass substrate 102 for coating.
The rate of spinning of the glass substrate 102 may be
controlled by controlling the rate of spinning of the spin-
nable stage 642 of the spin unit 640. At a first predeter-
mined rate of spinning, the liquid coatingmay be urged to
infiltrate into theplurality of through-holes104 in theglass
substrate 102. When the spinnable stage 642 of the spin
unit 640 spins at the first predetermined rate of spinning,
the spinnable stage 642 may set the glass substrate 102
in a corresponding spinning motion to result in a first
centrifugal force acting on the liquid coating 606. The
first centrifugal force exerting on the liquid coating 606
mayurge the liquid coating606 tospreadoutward radially
on the glass substrate 102 (e.g. along a surface of the
glass substrate on which the liquid coating is deposited)
as well as urge the liquid coating 606 to flow into the
plurality of through-holes 104 in the glass substrate 102.
The first predetermined rate of spinning may ensure that

the liquid coating 606 is uniformly spread to provide an
even coating of the glass substrate 102.
[0054] Further spinning of the glass substrate 102may
then cause excess liquid coating to propel out of the
plurality of through-holes 104 of the glass substrate
102. The spinnable stage 642 of the spin unit 640 may
be controlled to spin at a second predetermined rate of
spinning for removing the excess liquid coating. When
the spinnable stage 642 of the spin unit 640 spins at the
second predetermined rate of spinning, the spinnable
stage 642 may set the glass substrate 102 in a corre-
spondingspinningmotion to result in asecondcentrifugal
force acting on the liquid coating 606. The second cen-
trifugal force exerting on the liquid coating 606 may urge
the liquid coating 606 to push theexcess liquid coating off
the glass substrate 102 (e.g. along a surface of the glass
substrate onwhich the liquid coating is deposited) aswell
asurge theexcess liquid coating to flowoutof theplurality
of through-holes 104 in the glass substrate 102. The
second predetermined rate of spinning may ensure that
the excess liquid coating is pushed out while the remain-
ing liquid coating is sufficient to coat the plurality of
through-holes 104 of the glass substrate 102.
[0055] Referring to FIG. 6D, the apparatus 600 may
further include an enclosure 660. The enclosure 660may
be configured for enclosing the spinnable stage 642 of
the spin unit 640. According to various aspects, the
enclosure 660 may be openable and closeable. When
the enclosure 660 is opened, the carrier 611 with the
glass substrate 102 attached thereon may be placed on
the spinnable stage 642 of the spin unit 640 or the carrier
611with theglasssubstrate102attached thereonmaybe
removed from the spinnable stage 642. When the en-
closure 660 is closed, the carrier 611 with the glass
substrate 102 attached thereon and held down on the
spinnable stage 642may beenclosed together inside the
enclosure 660. With the glass substrate 102 enclosed
inside the enclosure 660, the excess liquid coating being
spunoff thespinnable stage642of the spinunit 640when
spinning at the second predetermined rate of spinning
may be caught along the walls of the enclosure 660.
[0056] According to various aspects, the apparatus
600 may include a vacuum module 662. The vacuum
module 662 may be operatively connected to the enclo-
sure 660. Accordingly, the vacuum module 662 may be
operated to remove air from the enclosure 660. As an
example, the vacuummodule 662may be operated after
the glass substrate 104 is spun by the spin unit 640 for
coating. The vacuum generated by the vacuum module
662 may remove any air or bubbles in the plurality of
through-holes of the glass substrate 102 or air trapped in
the coating. As another example, after the liquid coating
606 is deposited on the glass substrate 102 and before
the spin unit 640 is operated to spin the spinnable stage
642 for spinning the glass substrate 102, the vacuum
module 662 may be operated to remove air from the
enclosure 660 so as to cause the liquid coating 606 to
permeateandfill thepluralityof through-holes in theglass
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substrate 102. Hence, the vacuum module 662 may be
operated to facilitate pre-filling of the plurality of through-
holes of the glass substrate 102 with the liquid coating
606 prior to operating the spin unit 640 to spin the glass
substrate 102.
[0057] FIG. 6E shows an example the glass substrate
102 with the excess liquid coating on top of the glass
substrate 102 cleared and the plurality of through-holes
of the glass substrate 102 coated with the liquid coating
606 after the completion of the spinning using the spin
unit 640.Asshown inFIG.6F, thecarrier removal unit 654
may then be operated to detach the carrier 611 from the
glass substrate 104.
[0058] Referring to FIG. 1A, FIG. 2A, FIG. 4A and FIG.
6B, each of the apparatus 100, 200, 400 and 600 may
further include a solvent dispensing head 170. The sol-
vent dispensing head 170may be operable to dispense a
solvent on the glass substrate 104 prior to the dispenser
head 120 depositing the liquid coating on the glass sub-
strate 104. The solvent may pre-wet surfaces on the
glass substrate 104 and wall surfaces of the plurality of
through-holes 102 of the glass substrate 104. With the
respective surfacespre-wetwith the solvent, coatingwith
the liquid coating may be enhanced or better facilitated.
According to various aspects, pre-wetting the surfaces
with solvent may allow better coating for the through-
holes 104 having high aspect ratio. According to various
aspects, the application of solvent for pre-wetting may
enhance the coating process using the apparatus 100,
which is without any coating unit 230, and/or the appa-
ratus 200 having the air blower 240, and/or the apparatus
400 having the suction head 440, and/or the apparatus
having the spin unit 640. The solvent may drastically
reduce contact angle, assist in overcoming surface ten-
sion, and allowing the liquid coating to fill the plurality of
through-holes 104 of the glass substrate 102. According
to some aspects, the solvent dispensing head 170 may
dispensea layerof thesolventwitha thicknessof1‑10µm
before the dispenser head 120 deposit the liquid coating
on the glass substrate 104. The thickness and/or amount
of the solventmay be adjusted accordingly depending on
the type of coating unit 230 aswell as the dimensions and
aspect ratios of the plurality of through-holes 104 of the
substrate 102.
[0059] Referring to FIG. 2A, the apparatus 200with the
air blower 240 may include the solvent dispensing head
170. The solvent dispensing head 170 may be movable
relative to the support frame 110. For example, the sol-
vent dispensing head 170 may be mounted to a gantry
robot or a cartesian robot or a linear robot for moving
along a plane parallel to the glass substrate 102 (or the
support frame 110). Further, the solvent dispensing head
170 and the dispenser head 120 may be separate and
independent from each other. Accordingly, the solvent
dispensing head170and thedispenser head120maybe
independentlymovable relative to the support frame110.
Hence, the solvent dispensing head 170 and the dispen-
ser head 120 may be mounted to different gantry robots.

Referring toFIG. 4A, similar to the apparatus 200with the
air blower 240, the apparatus 400 with the suction head
440may also include the solvent dispensing head 170 in
a similar manner.
[0060] Referring to FIG. 6A to FIG. 6F, the apparatus
600 having the spin unit 640 may include the solvent
dispensing head 170. Further, the solvent dispensing
head 170 may be operable to dispense the solvent on
the glass substrate 102 after the glass substrate 102 is
placed on the spinnable stage 642 of the spin unit 640.
After the solvent is dispensed on the glass substrate 102,
the spin unit 640 may be operated to spin the glass
substrate 102 at a desired spinning rate to dictate a
thickness of a wetting layer formed by the solvent. Sub-
sequently, the dispensing head 120 may be operated to
deposit the liquid coating.
[0061] According to various aspects, the solvent may
be benign in that the solvent may be miscible with the
liquid coating allowing for diffusion. Further, the solvent
may be evaporated in later bake procedures allowing the
solid dispersion to coat the sidewalls.
[0062] According to some aspects, the spin unit 640 of
the apparatus 600 may be used for pre-wetting the glass
substrate 102 with the solvent. Subsequently, the appa-
ratus 200 with the air blower 240 or the apparatus 400
with the suction head 440 may be used for coating of the
glass substrate 102 with the liquid coating.
[0063] FIG. 7A to FIG. 7C show schematic diagrams of
apparatus 700a, 700b, 700c for coating the glass sub-
strate 102 having the plurality of through-holes 104.
According to various aspects, the apparatus 700a,
700b, 700c may include a receptacle 780 containing
the liquid coating 706. The receptacle 780 may include,
but not limited to, a tank, a container, a vessel, a basin, or
a tub. Further, the apparatus 700a, 700b, 700c may
include a holder 782. The holder 782 may include, but
not limited to, a gripper, a clamp, or a manipulator. The
holder 782 may be operable to hold the glass substrate
102. The holder may also be operable to move the glass
substrate 102 as well as immerse (or dip) the glass
substrate 102 into the liquid coating 706 contained in
the receptacle 780. The glass substrate 102may be fully
immersed into the liquid coating 706 such that the liquid
coating may ingress into the plurality of through-holes
104. For example, the glass substrate 102 may be im-
mersed in a vertical orientation as shown in FIG. 7A to
FIG. 7C. As another example, the glass substrate 102
may be immersed in a horizontal orientation.
[0064] According to various aspects, the apparatus
700a, 700b, 700c may include an agitator 784. The
agitator may be operable to agitate the liquid coating
706and/or the glass substrate 104. Byagitating the liquid
coating 706 and/or the glass substrate 104, the liquid
coating may permeate the plurality of through-holes 102
in the glass substrate 104. For example, as shown inFIG.
7A, the apparatus 700a may include a sonicator serving
as the agitator 784. The sonicator may be attached to the
receptacle 780 and may be operable to transmit sound
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waves to agitate the liquid coating 706 so as to cause the
liquid coating to permeate the plurality of through-holes
102 in the glass substrate 104. As another example, as
shown in FIG. 7B, the apparatus 700b may include a
vibrator serving as the agitator 784. The vibrator may be
attached to the holder 782 holding the glass substrate
102. Accordingly, the vibrator may vibrate the holder 782
soas to vibrate theglass substrate 102 to cause the liquid
coating 706 to permeate the plurality of through-holes
102 in the glass substrate 102. As yet another example,
as shown in FIG. 7C, the apparatus 700c may include a
stirrer serving as the agitator 784. The stirrer may be
operable to stir the liquid coating 706 so as to cause the
liquid coating 706 to permeate the plurality of through-
holes104 in theglasssubstrate102.According tovarious
aspects, the apparatus 700a, 700b, 700c may uniformly
coat low viscosity liquid coating on the glass substrate
102 with the plurality of through-holes 104.
[0065] According to various aspects, after the glass
substrate 102 is coated with the liquid coating, the glass
substrate 102 may be removed from the receptacle 780
of theapparatus700a, 700b,700c. If anyof theplurality of
through-holes 104 of the glass substrate 102 is plugged
with the liquid coating, the glass substrate 102 may be
provided to the apparatus 200 with the air blower 240 or
the apparatus 400 with the suction head 440 to remove
excess liquid coating so as to clear the plugged through-
hole 104.
[0066] According to variousaspects, a system for coat-
ing a glass substrate having a plurality of through-holes
may include theapparatusdisclosedhereinand theglass
substrate provided to the apparatus. In particular, the
system may coat the glass substrate, including the plur-
ality of through-holes of the glass substrate, using the
liquid coating.
[0067] Various aspects have provided an apparatus
and/orasystem for coating theglasssubstratehaving the
plurality of through-holes. The apparatus may use the
liquid coating for coating the glass substrate having the
plurality of through-holes. In addition, various aspects
have provided a passive arrangement and/or an active
mechanism to cause the liquid coating to permeate the
plurality of through-holes so as to effectively coat the
inner walls of the plurality of through-holes. The appara-
tus and systemof the various aspectsmay be suitable for
coating the glass substrate having the plurality of
through-holes with liquid dielectric coating prior to the
metallization process to produce TGV substrate.
[0068] In the following, various examples are de-
scribed that may refer to one or more aspects of the
disclosure.
[0069] In Example 1, an apparatus for coating a glass
substrate having a plurality of through-holes is disclosed
including a support frame including one or more abut-
mentportionsconfigured to support theglasssubstrate in
a levelled orientation; a dispenser head operable to
deposit a liquid coating on the glass substrate; and a
coating unit configured to apply a force on the liquid

coating so as to urge the liquid coating to permeate the
plurality of through-holes in the glass substrate.
[0070] In Example 2, the apparatus of Example 1 is
disclosed, wherein the coating unit includes an air blower
movable relative to the support frame, wherein the air
blower is operable to generate an airflow to spread the
liquid coating and push the liquid coating into the plurality
of through-holes in the glass substrate.
[0071] In Example 3, the apparatus of Example 2 is
disclosed, wherein the air blower is coupled to the dis-
penser head in a manner so as to be movable together
such that the air blower is operable to spread and push
the liquid coating as the dispenser head is dispensing the
liquid coating.
[0072] InExample 4, the apparatus ofExample 2or 3 is
disclosed, wherein the support frame includes a plurality
of struts joined together, the plurality of struts serving as
the one or more abutment portions of the support frame
for supporting the glass substrate in the levelled orienta-
tion, or wherein the support frame includes a panel hav-
ing a main surface with a plurality of perforations, the
main surface serving as the one or more abutment por-
tions of the support frame for supporting the glass sub-
strate in the levelled orientation.
[0073] In Example 5, the apparatus of Example 1 is
disclosed, wherein the support frame includes a at least
one opening, wherein the coating unit includes a suction
headat anunderneath sideof the support frameopposite
a topside of the support frame that supports the glass
substrate, the suction head beingmovable relative to the
support frame and operable to generate suction through
the at least one opening in the support frame so as to
draw the liquid coating to permeate the plurality of
through-holes of the glass substrate.
[0074] In Example 6, the apparatus of Example 5 is
disclosed, wherein the support frame includes a plurality
of struts joined together, the plurality of struts serving as
the one or more abutment portions of the support frame
for supporting the glass substrate in the levelled orienta-
tion, wherein one or more spaces defined between the
plurality of struts form the at least one opening in the
support frame.
[0075] In Example 7, the apparatus of Example 5 is
disclosed, wherein the support frame includes a panel
having a main surface with a plurality of perforations, the
main surface serving as the one or more abutment por-
tions of the support frame for supporting the glass sub-
strate in the levelled orientation and the plurality of per-
forations form the at least one opening in the support
frame.
[0076] In Example 8, the apparatus of Example 7 is
disclosed, wherein the plurality of perforations of the
main surface of the support frame is configured to re-
spectively align with the plurality of through-holes of the
glass substrate.
[0077] In Example 9, the apparatus of Example 1 is
disclosed, wherein the support frame includes a carrier
configured to be attached to the glass substrate in a
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manner soas to cover the plurality of through-holes of the
glass substrate on a side of the glass substrate to which
the carrier is attached.
[0078] In Example 10, the apparatus of Example 9 is
disclosed, further including a carrier mounting unit con-
figured to attach the carrier to the glass substrate, and a
carrier removal unit configured to separate the carrier
and the glass substrate.
[0079] In Example 11, the apparatus of Example 10 is
disclosed, wherein the carrier mounting unit includes a
lamination unit or a hot-roll unit when the carrier is a film,
or the carriermountingunit includesa chuckingunit when
the carrier is an electrostatic discharge carrier.
[0080] In Example 12, the apparatus of any one of
Examples 9 to 11 is disclosed, wherein the coating unit
includes a spin unit including a spinnable stage, the
spinnable stage including a vacuumport operable to hold
down the carrier to the spinnable stage via suction so as
to retain the glass substrate on the spinnable stage,
wherein the spin unit is operable to spin the spinnable
stage for spinning the carrier together with the glass
substrate to cause the liquid coating to permeate the
plurality of through-holes in the glass substrate and to
causeexcess liquid coating to propel out of the plurality of
through-holes of the glass substrate due to centrifugal
force.
[0081] In Example 13, the apparatus of Example 12 is
disclosed, wherein the spin unit further includes an en-
closure for enclosing the spinnable stage, the enclosure
being openable for placing and removing the glass sub-
stratewith the carrier from the spinnable stageand close-
able for enclosing theglass substratewith the carrier held
on the spinnable stage, wherein the spin unit further
includes a vacuum module to remove air from the en-
closure so as to cause the liquid coating to permeate and
fill the plurality of through-holes in the glass substrate.
[0082] In Example 14, the apparatus of any one of
Examples 1 to 13 is disclosed, further comprising a
solvent dispensing head operable to dispense a solvent
on the glass substrate prior to the dispenser head depos-
iting the liquid coating.
[0083] In Example 15, an apparatus for coating a glass
substrate having a plurality of through-holes is disclosed
including a support frame including one or more abut-
mentportionsconfigured to support theglasssubstrate in
a levelledorientation,wherein the support frame includes
at least one opening; and a dispenser head movable
relative to the support frame and operable to deposit a
liquid coating on the glass substrate, wherein, the at least
one opening in the support frame is configured to be in
fluid communication with the plurality of through-holes of
the glass substrate when supported thereon so as to
provide fluid paths for the liquid coating to permeate
through the plurality of through-holes of the glass sub-
strate and drained through the at least one opening in the
support frame.
[0084] In Example 16, the apparatus of Example 15 is
disclosed, wherein the support frame includes a plurality

of struts joined together, the plurality of struts serving as
the one or more abutment portions of the support frame
for supporting the glass substrate in the levelled orienta-
tion, wherein one or more spaces defined between the
plurality of struts form the at least one opening in the
support frame.
[0085] In Example 17, the apparatus of Example 15 is
disclosed, wherein the support frame includes a panel
having a main surface with a plurality of perforations, the
main surface serving as the one or more abutment por-
tions of the support frame for supporting the glass sub-
strate in the levelled orientation and the plurality of per-
forations form the at least one opening in the support
frame.
[0086] In Example 18, the apparatus of any one of
Examples15 to17 isdiscloses, further includingasolvent
dispensing head operable to dispense a solvent on the
glass substrateprior to thedispenser headdepositing the
liquid coating.
[0087] In Example 19, an apparatus for coating a glass
substrate having a plurality of through-holes is disclosed
including a receptacle containing a liquid coating; a
holder configured to hold the glass substrate, the holder
beingmovable tomove and immerse the glass substrate
into the liquid coating contained in the receptacle; and an
agitator operable to agitate the liquid coating or the glass
substrate, wherein, the agitator is operable to agitate the
liquid coating or the glass substrate to cause the liquid
coating to permeate the plurality of through-holes in the
glass substrate.
[0088] In Example 20, the apparatus of Example 19 is
disclosed, wherein the holder comprises a gripper, a
clamp, or a manipulator, wherein the agitator comprises
a stirrer, a sonicator or a vibrator.
[0089] While the disclosure has been particularly
shown and described with reference to specific aspects,
it should be understood by those skilled in the art that
various changes in form and detail may be made therein
without departing from the spirit and scope of the dis-
closure as defined by the appended claims. The scope of
the disclosure is thus indicated by the appended claims
and all changes, which come within the meaning and
range of equivalency of the claims, are therefore in-
tended to be embraced.

Claims

1. An apparatus for coating a glass substrate having a
plurality of through-holes, the apparatus comprising

a support frame comprising one or more abut-
ment portions configured to support the glass
substrate in a levelled orientation;
a dispenser head operable to deposit a liquid
coating on the glass substrate; and
a coating unit configured to apply a force on the
liquid coating so as to urge the liquid coating to
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permeate the plurality of through-holes in the
glass substrate.

2. The apparatus according to claim 1, wherein the
coating unit comprises an air blower movable rela-
tive to the support frame, wherein the air blower is
operable to generate an airflow to spread the liquid
coating and push the liquid coating into the plurality
of through-holes in the glass substrate.

3. The apparatus according to claim 2, wherein the air
blower is coupled to the dispenser head in a manner
so as to bemovable together such that the air blower
is operable to spread and push the liquid coating as
the dispenser head is dispensing the liquid coating.

4. The apparatus according to any one of claims 2 or 3,

wherein the support frame comprises a plurality
of struts joined together, the plurality of struts
serving as the one or more abutment portions of
the support frame for supporting the glass sub-
strate in the levelled orientation, or
wherein the support frame comprises a panel
having amain surface with a plurality of perfora-
tions, the main surface serving as the one or
more abutment portions of the support frame for
supporting the glass substrate in the levelled
orientation.

5. The apparatus according to any one of claims 1 to 4,

wherein the support frame comprises a at least
one opening,
wherein the coating unit comprises a suction
head at an underneath side of the support frame
opposite a topside of the support frame that
supports the glass substrate, the suction head
beingmovable relative to the support frame and
operable togenerate suction through theat least
one opening in the support frame so as to draw
the liquid coating to permeate the plurality of
through-holes of the glass substrate.

6. The apparatus according to claim 5,

wherein the support frame comprises a plurality
of struts joined together, the plurality of struts
serving as the one or more abutment portions of
the support frame for supporting the glass sub-
strate in the levelled orientation,
wherein one or more spaces defined between
the plurality of struts form the at least one open-
ing in the support frame.

7. The apparatus according to claim 5,
wherein the support frame comprises a panel having
a main surface with a plurality of perforations, the

main surface serving as the one or more abutment
portions of the support frame for supporting theglass
substrate in the levelled orientation and the plurality
of perforations form the at least one opening in the
support frame.

8. The apparatus according claim 7,
wherein the plurality of perforations of the main sur-
face of the support frame is configured to respec-
tively align with the plurality of through-holes of the
glass substrate.

9. The apparatus according to any one of claims 1 to 8,
wherein the support frame comprises a carrier con-
figured to be attached to the glass substrate in a
manner so as to cover the plurality of through-holes
of the glass substrate on a side of the glass substrate
to which the carrier is attached.

10. The apparatus according to claim 9, further compris-
ing

a carrier mounting unit configured to attach the
carrier to the glass substrate, and
a carrier removal unit configured to separate the
carrier and the glass substrate.

11. The apparatus according to claim 10, wherein the
carriermountingunit comprisesa laminationunit or a
hot-roll unit when the carrier is a film, or the carrier
mounting unit comprises a chucking unit when the
carrier is an electrostatic discharge carrier.

12. Theapparatusaccording toanyoneof claims9 to11,

wherein the coating unit comprises a spin unit
comprising a spinnable stage, the spinnable
stage comprising a vacuum port operable to
hold down the carrier to the spinnable stage
via suction so as to retain the glass substrate
on the spinnable stage,
wherein the spin unit is operable to spin the
spinnable stage for spinning the carrier together
with the glass substrate to cause the liquid coat-
ing to permeate the plurality of through-holes in
the glass substrate and to cause excess liquid
coating to propel out of the plurality of through-
holes of the glass substrate due to centrifugal
force.

13. The apparatus according to claim 12,

wherein the spin unit further comprises an en-
closure for enclosing the spinnable stage, the
enclosure being openable for placing and re-
moving the glass substrate with the carrier from
the spinnable stage and closeable for enclosing
the glass substrate with the carrier held on the
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spinnable stage,
wherein the spin unit further comprises a va-
cuum module to remove air from the enclosure
soas to cause the liquid coating topermeateand
fill the plurality of through-holes in the glass
substrate.

14. Theapparatusaccording toanyoneof claims1 to13,
further comprising
a solvent dispensing head operable to dispense a
solvent on the glass substrate prior to the dispenser
head depositing the liquid coating.
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